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FOREWORD
This paper is written in honor of Dr. John R. Paul for three reasons. First,
in recognition of his contributions as a philosopher and educator in pre-
ventive medicine, and especially, the emphasis he placed on epidemiology as
the basic discipline in prevention. To this end he developed and popularized
the concepts of clinical epidemiology and serological epidemiology. Second,
in tribute to the role he played both as a participant in and as a catalyst
of research studies on infectious disease, and in particular, his investiga-
tions of infectious mononucleosis for which he discovered the only really
diagnostic test-the heterophile antibody test-which bears his name and
that of his associate Dr. Bunnell (the Paul-Bunnell test). Third, in appre-
ciation of the role he played in my own career and development: fresh
from my Army service in Japan, he gave me my first opportunity for
research, stimulated and encouraged me in the four years I spent in his
department at Yale, and provided guidance and assistance in the ten
years after that. I am, therefore, honored to be afforded this chance to
prepare, in his honor, this small contribution on infectious mononucleosis
to which he first introduced me and to which, for better or for worse, I
have been wedded ever since.
INTRODUCTION
The public health laboratory offers an excellent base for epidemiological
studies of many types, particularly if the laboratory serves a wide geographic
and population segment as does the Wisconsin State Laboratory. The large
number of specimens which we receive for testing in bacteriology, virology,
clinical chemistry, and cervical cytology laboratories provides insight into
the epidemiology of both acute and chronic diseases. From information on
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our request slips, it is possible to learn the age, sex, geographic distribution,
and often some of the clinical aspects of disease in about one half million
persons each year. The major source of our specimens is from physicians'
offices throughout the state so that the index of illness is based largely on
non-hospitalized patients. The usefulness of the public health laboratory
as a base for this type of epidemiological study will be explored in the
present paper using infectious mononucleosis as the example.
EPIDEMIOLOGIC HYPOTHESIS
A concept of the epidemiology and pathogenesis of infectious mono-
nucleosis has been recently presented1. In this hypothesis, the typical
glandular form with its characteristic blood picture and rise in heterophile
antibody represents the hallmark of fully developed illness corresponding
to paralysis in poliomyelitis or to jaundice in viral hepatitis. There are
three successive development phases (Fig. 1). Phase 1 is the characteristic,
and often the only expression of clinical illness seen in childhood; it may
be abortive. No further symptoms may appear, making diagnosis of in-
fectious mononucleosis difficult, if not impossible. Clinically, fever, mild
sore throat, and cervical lymphadenopathy may be present. The incubation
period is relatively short (7-14 days). There is a high incidence of in-
fectiousness in a group of susceptible individuals, and epidemics may
occur which may go unrecognized without "Sentinel" cases in adults.
The symptoms of this phase may be attributed to invasion by the virus
and multiplication at local sites. Phase 2 is an intermediate one reflecting
dissemination of the causative agent via the blood stream. Events in this
viremic period may include a rash; implantation of the causative agent in
secondary sites of multiplication such as lymph nodes, liver, and spleen;
early lymphocytosis or perhaps leucopenia. The heterophile antibody is
not yet detectable at this time, or is of low titer. The second phase may
last about a week. The third and characteristic phase is then ushered in
with fever, chills, and generalized adenopathy. With it there is marked
lymphocytosis with abnormal forms, and if severe enough, a rise in
heterophile antibody titer and abnormalities in liver function tests. This
stage of illness is characteristic of the young adult who has escaped
exposure earlier in life; it is the clinical type with which most physicians
are familiar, particularly in student health services. In this age group the
earlier phases may be absent or may be so mild as to go unrecognized,
resulting in a long apparent incubation period of about 30 days before the
onset of precise symptomology. The contagiousness of this form is low be-
cause the contacts of the same age are immune as a result of childhood
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experience. Theoretically, the mild and inapparent primary infections should
greatly outnumber the clinically characteristic type. This is certainly true
of poliomyelitis and appears to be true of infectious hepatitis with which
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FIG. 1. Hypothetical Schema of the pathogenesis of infectious mononucleosis. (Re-
printed by permission from Amer. J. Hyg.1).
infectious mononucleosis shares so many clinical features. The data ob-
tained from a public health laboratory will be examined with this hypo-
thesis in mind.
METHODS AND CRITERIA
Case. A test submitted for examination will be taken as equivalent to a case since
duplicate tests have been eliminated.
Heterophile positive. A heterophile titer of 1:16 or above after guinea pig absorption
is taken in this paper as the sole criterion for an established case. The clinical and
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hematological data were not available to us, but since the physician submitted blood
for this specific test, the assumption is made, in some parts of this paper, that the
patient had clinical and/or hematological features suggesting infectious mononucleosis.
Heterophile negative or suspected case. This includes all patients without an eleva-
tion of the heterophile antibody. Again, for the purposes of discussion such cases will,
in some places, be assumed to be suspected cases because a blood sample was submitted.
Population. All specimens for heterophile antibody testing received from Wisconsin
residents from May 1960 through April 1961 were included, except those from the
University Hospitals and the Student Infirmary. Epidemiologic aspects of infectious
mononucleosis in the student group have recently been reported.1 Because of the
source of the specimens reported on in this paper, any conclusions drawn are subject
to the limitation that the samples may not be representative of the cases which have
occurred among the residents of Wisconsin.
OBSERVATIONS
During a one year period, from May 1960 to May 1961, sera from 387
individuals were positive for infectious mononucleosis with a heterophile
titier of 1:16 or higher after guinea pig absorption. On the basis of a state
population of 4 million, the minimum incidence rate in Wisconsin for
serologically positive infectious mononucleosis is 9.7 per 100,000 per
year. Many more positives have undoubtedly been found in hospital labora-
tories and are unknown to us. The figure of 9.7, however, is higher than
the range of 1.6 to 5.9 per 100,000 found in England and Wales on the
basis of 1,769 serologically proved cases from their Public Health Labora-
tory Service.! In University of Wisconsin students there is an admission
rate for serologically proved cases of infectious mononucleosis of 252 per
100,000.1
A rough estimate of the extent to which the rate of 9.7 represents the
actual incidence in the state can be obtained by calculations based on
a known segment. Applying the rate in University students to the 553,400
residents of Wisconsin aged 15-24, as estimated from census data, one
would expect 1,393 cases. Deducting the 50 University cases, which are
excluded from our study, gives 1,343. This would be the expected number.
The observed number of serologically positive cases in this age bracket, in
this study, was 184. This suggests that the actual rate may be 7 times
higher (1,343/184) than the observed, although the experience with the
students may not be typical of the situation in Wisconsin generally. If
the factor of 7 is appropriate the actual rate for all age groups would be
about 68 per 100,000. This is close to the rate obtained from a careful
survey of the general population of Oxford, England where the incidence
was 56 per 100,000.' As shown in the discussion of geographic distribution
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in the next section of this paper, the incidence in certain communities and
counties of Wisconsin exceeded this.
In epidemics of infectious mononucleosis reported in the literature, the
attack rate among those exposed has often been very high. For example, it
was 80 per cent of 30 students in a boys school in 1923,' 60 per cent
in 500 New Jersey students reported in 1925,5 89 per cent in an epidemic in
an English Emergency Military Service hospital in 1943,6 and 51 per
cent (all subclinical) in 102 medical students in New York City in 1949.?
The 387 cases included in our estimate of incidence were all serologically
proved and represented 11.1 per cent of the 3,480 specimens received for
heterophile antibody testing. We have no information on whether the
heterophile negative cases can be regarded as infectious mononucleosis
or not because we have no clinical or hematological data on them. They were
probably "clinically suspected" cases since the physician considered the
diagnosis seriously enough to draw a blood specimen and send it to the
laboratory for heterophile antibody determination. Assuming this to be
true, then only 11 per cent of clinicallly suspect cases were heterophile
positive. While this figure seems to be very low, it must first be remem-
bered that these were largely milder cases seen in the physician's office
or in the patient's home. Secondly, many younger age groups were in-
cluded. These two aspects are in contrast to many studies dealing with
hospitalized patients, or those restricted to a given age group such as uni-
versity students or soldiers.
Information bearing on this point and on the ratio between clinical
and subclinical infections is summarized in Table 1 from selected references.
In sporadic and hospitalized cases the heterophile antibody has been present
in about 50 per cent of the clinically diagnosed cases; in epidemics the fre-
quency has been as low as 15 per cent8 or even 3.8 per cent.9 One outbreak
of 27 presumed infectious mononucleosis cases is recorded without a single
heterophile higher than 1:16.10 There have also been outbreaks in which
53 and 68 per cent were heterophile positive.',' Similarly, great variation in
the subclinical to clinical ratio has been observed: it has varied from
13.8:1 to 1.6:1 in various epidemics and in one outbreak only subclinical
cases were observed.! A ratio of 2 or 3 subclinical cases to one clinical case
is a conservative estimate in epidenmic situations.
GEOGRAPHIC DISTRIBUTION
In the year covered by this study specimens from residents of 190 Wis-
consin communities scattered throughout the state were sent in for
heterophile antibody testing. Of these, sera from residents of 72 different
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communities were serologically positive for infectious mononucleosis. The
incidence in individual communities varied widely as shown for eight
areas in Table 2; the highest, in which at least 5 cases were positive, was in
Oconomowoc with 10 cases or a rate of 149 per 100,000; in Madison it was
64.5 On a county basis the highest incidence was in Dane County, which
includes the City of Madison, with 53.1 cases per 100,000 (90 tests positive
out of 689 done). High rates per 100,000 in other counties included
Columbia County with 44 (15 positive out of 157), Green County with
TABLE 2. THE INCIDENCE OF SEROLOGICALLY POSITIVE INFECTIOUS
MONONUCLEOSIS IN SEVERAL WISCONSIN COMMUNITIES
Number of tests
Per cent Incidence per
Community Done Positive Positive Population 100,000
La Crosse 95 14 14.7 47,575 29.2
Madison 554 82 14.8 126,706 64.5
Marshfield 71 12 16.9 14,153 84.8
Milwaukee 273 34 12.5 741,324 3.4
OConomowoc 20 10 50.0 6,682 150.0
Portage 30 4 13.3 7,822 50.6
River Falls 31 5 16.1 4,857 102.0
Sheboygan 18 10 55.6 45,747 21.9
33 (8 positive out of 22), and Ashland County with 30 cases (6 positive
out of 27). Examination of the monthly incidence for these areas, as well as
for the 71 other areas with positive cases, revealed no evidence suggestive
of an outbreak. In cities like Milwaukee, the apparent rate was low as most
specimens were sent to local laboratories for testing.
SEASONAL INCIDENCE
Figure 2 depicts the monthly distribution for heterophile positive sera
and heterophile negative sera. March, April, May, and July were the
months with the highest number of heterophile positive sera. In University
of Wisconsin students, March, April, and May have also been months of
high incidence' but an additional feature of this student group, as well
as of Smith College students," has been the sharp rise occurring a month
after a vacation period-that is, in October after the summer vacation,
and in February after the Christmas vacation. The trend has not been noted
in the present study nor at the Grace-New Haven Hospital where cases
have been studied by Paul and his colleagues.'
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The manner in which the monthly distribution of the heterophile positive
specimens paralleled the distribution of the heterophile negative specimens
lends credence to the possibility that the latter actually represent cases of
infectious mononucleosis (Figure 2). These suspected cases outnumber
the provedcases by afactorof 15.7:1 in January to 5:1 in July. Subsequently
this observation will be examined further.
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FIG. 2.
A review of the literature on epidemics of infectious mononucleosis points
to a preponderance in January-February-March'"" but there is much
variation. The tendency for both sporadic and epidemic cases to occur in late
winter and early spring is in contrast to the seasonal pattern of in-
fectious hepatitis and poliomyelitis. The former shows a sudden increase
in prevalence in the late summer and autumn, often building up to epidemic
proportion during early winter and soon declining; the latter occurs in
both epidemic and non epidemic forms, most commonly in the summer, in
268
Vol. 34, Dec.-Feb. 196112
)I
)I
)IInfectious mononucleosis EVANS
both northern and southern temperature climates; however, in tropical
areas cases occur more or less uniformly throughout the year.
SIGNIFICANCE OF AGE
Age per se. The age distribution of serologically proved and "clinically
suspected" cases* of infectious mononucleosis is presented in Figure 3. The
435.
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FIG. 3.
finding of a predominance of serologically proved cases in the young adult
confirms many other reports. The youngest case in this study was a 3-
year-old and the oldest case was 43. In Newell's report from the Public
Health Laboratory Service in England, 61 per cent of 1,689 serologically
positive cases were between 15 and 24 years, 18 were under 15 years.!
If one looks at the age distribution of the "clinically suspected" cases,
infectious mononucleosis appears to be a childhood disease reaching a peak
incidence in the late teens after which it declines steadily into middle and
old age. In this context the heterophile response may be an age-conditioned
host response of the young adult and may reflect a particular phase in the
* This term is used to indicate heterophile negative patients.
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development of our lymphatic and/or immunological mechanisms. The
frequency of heterophile negative cases in childhood fits the concept of
pathogenesis earlier expounded.
Through the years paralytic poliomyelitis has shown a relative shift
to a progressively older age group."8 But has the age distribution of in-
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FIG. 4.
fectious mononucleosis shown a similar trend? Data collected from epidemics
or surveys of communities in which all age groups were presumably ex-
posed is shown in Figure 4. In the early outbreaks, such as those described
in Ohio in 1896,1" in Wayne County, New York State in 1925,1 and in
Appleton, Wisconsin, in 1926,17 the highest incidence occurred in children.
Indeed, Tidy and Morley have calculated that at least 80 per cent of all
cases reported up to 1921 were under 13 years of age.' The outbreak
described by Moir in the Falkland Islands in 193021 is of special interest in
that this was an isolated and presumably susceptible community. As shown
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in Figure 4, the cases were distributed through all age groups and 10
per cent of the cases were over 45 years of age. This is similar to the
wide age distribution of paralytic poliomyelitis in an isolated and suscep-
tible group of Arctic Eskimos.' In more recent years no satisfactory
description of an epidemic of infectious mononucleosis can be found in which
all age groups were exposed. However, the age distribution of infectious
mononucleosis as reported by the general practitioners of Oxford, England
shows 2 patterns (Figure 4). In the heterophile negative patients, children
were primarily involved with over 40 per cent of the cases under 9 years of
age. In the heterophile positive cases, 50 percentwere inthe20-29agegroup.
This age difference is similar to that found in the present study between
heterophile positive cases and the heterophile negative "clinically suspected"
cases. This general age pattern is consistent with the hypothesis that
infectious mononucleosis is a common disease of childhood which is in-
frequently recognized because it may be mild, abortive, and present with a
negative heterophile; in the young adult a concentration of heterophile
positivity as well as more severe cases are characteristic and the consequence
of delay in exposure until later years. This is a well recognized pattern
in certain other infectious diseases-e.g. poliomyelitis, hepatitis, varicella,
mumps, etc., in which adults usually experience more severe manifestations
than do children.
Age as Related to Other Factors. No relation between the age of the
serologically positive case and the month of the year could be demonstrated.
A comparison between age and the height of the heterophile antibody titer
showed that high titers were uncommon in the young age group. Under
age 5 no titer over 1:128 was observed, and between the ages of 6 and
10, only 7 were seen. The peak titers, as well as the most frequently positive
titers, were seen in the 16 to 20 age bracket. Up to age 30, both the
frequency and the height of the positive heterophile tests increased with
age.
SEX DISTRIBUTION
Specimens from 1,681 males were tested of which 200 (11.9 per cent)
were serologically positive after guinea pig absorption. Specimens were
received from 1,796 females of which 185 (10.3 per cent) were serologically
positive. The male: female ratio was 1.1:1. In some months, for example
July, positive sera from females outnumbered positive from males by 2:1;
in other months, such as January, the reverse was true. A sharp peak in
positive sera from females occurred in July while the peaks of positive sera
from males were wider spread in March, April, and May.
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In his review of the literature, Bernstein indicates a 3 :2 male pre-
dominance over females.' This ratio appears to be based on actual num-
bers of cases and not on a sex-specific rate. In Wisconsin students the
M :F case ratio is 1.4:1, but the sex-specific rates per 1,000 students per
year are 2.02 for males and 3.2 for females.'
FAMILIAL OCCURRENCE
Two instances of more than one case in the same family were identified
in the present series. In one, a male of unknown age had an absorbed titer
of 1:16 and this was followed 59 days later by illness in a 32 year old
female who developed an absorbed titer of 1:1024. In the other family, a
6-year-old girl with a titer of 1:64 was found in December 1960 and 109
days later her 8-year-old brother developed a titer of 1:1024 which was
still elevated to 1:512 on retesting a month later.
Historically, infectious mononucleosis has been common in families. This
was true of Pfeiffer's first description in 1889 in which 4 cases were described
in one family;' of the Ohio outbreak described by West in 1886 with 43
cases in 96 families ; of the 1924 outbreak in New York with 63 of about
100 cases in families ;19 and of the 1924 Wisconsin epidemic with 2-7 cases
in each of 64 families.17 In more recent years, the familial occurrence has
lnot been so clear cut; very few community outbreaks of infectious
mononucleosis have been reported and most others have been centered in
groups isolated from the family circle-university students, military, etc.
A WISCONSIN "EPIDEMIC"
In early 1961 there was trouble in Portage City. An outbreak of illness
believed to be infectious mononucleosis had been reported. A similar story
came from Wisconsin Dells. On 20 May 1961, Dr. Joseph Priezler, State
Epidemiologist, and I investigated the situation. Physicians in one large
clinic, and one private general practitioner were interviewed and their
records examined; the local hospital laboratory was visited, and laboratory
data reviewed.* Three patients were examined, but they were late in the
course of illness and characteristic clinical findings were absent.
The clinic in Portage had seen 50 suspected cases of infectious mononu-
cleosis from January to May, and the local hospital laboratory had tested
the sera from many of these; in all, 49 in-patients and 24 out-patients were
*I wish to express my appreciation for the fine cooperation given by Dr. Josef
Preizler, Dr. Joseph W. Pavelsek, Dr. Ray Rueckert, Dr. C. F. Broderick, Nurses
Mrs. Susan Waisman and Miss Sonja Smith, Sister Concordia, and Mr. George Bixby.
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tested. Records of absenteeism from high schools were obtained through the
cooperation of the county nurse and a questionnaire was sent to students
missing school since January which requested detailed clinical data about
their illnesses. From all available information there were 52 cases clinically
diagnosed as infectious mononucleosis.** On the basis of the population
of Portage of 7,334, this represents a rate of 709 per 100,000 for the 6-
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TITER PICTURE POSITIVE OR SUSPECT
HETEROPHILE POSITIVE + 4- +
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FIG. 5.
month-period of the apparent outbreak. In 13 of the cases, an elevated
heterophile titer and a positive hematological picture were found in local
laboratories.t In 4 others, only hematological evidence was found, and in
9, only elevated heterophile titers supported the clinical diagnosis. In the
remaining 26, the diagnosis was made on clinical grounds entirely because
laboratory studies either were not done, or did not meet the criteria
outlined. The monthly distribution of cases is given in Figure 5. Three peaks
about a month apart are seen with a major peak of 25 cases in May. In
Figure 6 the age distribution reveals a wide spread but with two-thirds of
**A case was considered clinically positive if fever, sore throat, and cervical adeno-
pathy were present.
tA heterophile titer of 1:160 was taken as elevated using unheated serum and
formalin treated red cells from a commercial source in a plate dilution technique. A
hematological picture was considered positive if the percentage of lymphocytes and
monocytes was 50 or more.
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the serologically positive cases in the 11-25 age bracket and none over
age 30.
The main clinic serving Wisconsin Dells had seen 126 clinically sus-
pected cases since January, 10 of whom were hospitalized. Accepted at face
value, this would be a rate of 6,438 per 100,000. The cases were concen-
trated in March and April. Serological evidence confirmed the diagnosis
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HETEROPHILE POSITIVE * + + +
11 NEGATIVE 0 + +
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in 7 with a titer of 1:112 or more by the Davidson technique and the 2
blood counts done on these patients showed over 50 per cent lymphocytes.
In 10 others the hematological picture was diagnostic but the heterophile
titer was not elevated over 1:56. Two of these occurred in a family, and
tests on 4 other family members showed suggestive fiindings.
There were three disturbing aspects to the outbreaks in both Portage and
Wisconsin Dells: i) it was too late to make a clinical appraisal of the
patients through personal examination; ii) heterophile titers were often
elevated in the face of a normal blood picture; iii) retesting in the State
Laboratory of 15 serum samples found tobe at least 1 :80 in local laboratories
were negative at 1:8 even before guinea pig absorption. Were these, in fact,
outbreaks of infectious mononucleosis or not? Clearly there had been a
number of persons with undeniable clinical and hematological features
of this disease. In some, the elevated heterophile titer was probably valid;
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in others false positive tests were obtained due to a technical error in the
method employed. (Commercial formalin treated red cells and unheated
sera were used.) There was also over enthusiasm in making a clinical
diagnosis and a suggestion of public hysteria, and there was absenteeism in
the high schools. It is quite possible that as word got around about the
symptoms of "the mono", many a tired housewife was sure she had it,
and many a high school student found it a good excuse to stay home. This
outbreak is probably characteristic of community outbreaks of ill defined
illness where the precise nature challenges the epidemiologist and public
health officer. Without exact and specific immunological tests, both the basic
nature and the extent of epidemics of diseases of unproved etiology will
remain an enigma.
SUMMARY
Certain epidemiological features of infectious mononucleosis as seen
in a public health laboratory are discussed in relation to available infor-
mation in the literature. Among these are incidence, age, sex, and season.
The concept is emphasized that infectious mononucleosis is a disease with
a broad clinical spectrum in which the glandular, heterophile, and hemato-
logical features may, in fact, only represent an age conditioned host response
of the young adult.
An outbreak of illness with clinical features resembling infectious
mononucleosis is presented, and the opportunities in the public health
laboratory for epidemiological studies is emphasized.
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